We have assigned several mouse cDNA and genomic clones to the W region of mouse chromosome 5, established their position with respect to various marker loci in the region, and provided molecular verification that the W19I mutation is a deletion. Meiotic recombination analysis of an interspecific mouse backcross indicated the following gene order and distances [in centimorgans (cM)]: centromere-
Emv-1-(13 cM)-D4S76-(17 cM)-D5SC25-(5 cM)-a-casein-(l cM)-fi-casein-(6 cM)-afetoprotein-(18 cM)-p-glucuronidase. DSSC25, an anonymous locus defined by a mouse brain cDNA, maps near the map position of W and within the breakpoints of the presumed genetic deletion that causes the W19H phenotype. Southern analysis of DNAs of W19H/+ interspecific F1 hybrid mice and somatic cell hybrid lines carrying the W19H deletion chromosome showed the deletion of DSSC25. In fact, analysis of other mutations at or near the W locus, which had been transferred from the strain of origin for many backcross generations, revealed the retention of donor restriction fragment length polymorphisms at the D5SC25 locus. Such evidence confirms close linkage between D5SC25 and W (within 1 cM) and indicates that the D5SC25 cDNA clone could serve as a starting point in a chromosome "walk" to W and other closely linked loci that affect development.
A large number of mutations that affect pigmentation in the laboratory mouse map in the region of the dominant whitespotting (W) locus on mouse chromosome 5 . Most of these are allelic with W, but a few are mutations at one of three nearby spotting genes (1) (2) (3) (4) (5) (6) . Most mutations at the W locus have pleiotropic effects upon hematopoiesis, gametogenesis, and melanoblast development. The two best-studied mutations at this locus, W and W', exhibit effects that are typical of the majority of W mutations. The W/+ mouse is viable, nonanemic, and fertile and has a white belly spot, white feet, and white tail tip (7) . W/W mice usually die late in gestation from a severe macrocytic anemia, but on selected backgrounds a small fraction survives (8) . The surviving W/W mice are severely anemic, sterile, and devoid of pigmentation in their skin and coat hairs but have fully pigmented eyes (black-eyed white). The W'', or "viable-W", allele was so named because some WV/WV homozygotes have normal life-spans. WV/Wv mice are black-eyed white, less anemic than W/W animals, and almost always sterile. In addition to the white-spotting pattern characteristic of W/+ mice, WV/+ heterozygotes exhibit diluted pigmentation in the colored areas of their coats and have a mild macrocytic anemia (9) .
W19H, a more recent, radiation-induced mutation, is a putative deletion (4) . Homozygotes die prior to implantation but the heterozygotes survive with a phenotype very similar to that of W/+ mice. W19H does not complement mutations at W or at patch (Ph) (4), a closely linked spotting gene (5, 6) , but does complement the mutation rump-white (Rw) (4) , which is also closely linked to both W and Ph (5, 6) . Ph, Rw, and a third tightly linked locus, recessive-spotting (rs) (10), affect pigmentation. Ph/+ mice have a belt of white fur usually extending from the shoulder to the rump (5). White spotting in Rw/+ mice is limited to the dorsal sacrolumbar region (6) . rs/rs animals display a small amount of white spotting (10) . While pigmentation is affected in all, effects on blood and germ cells appear to be minimal or nonexistent in patch, rump-white, and recessive-spotting mice. Ph/Ph embryos die in utero with a fetal hydrops (5) . Rw/Rw homozygotes also die in midgestation of unknown causes (6) .
Although a great deal is known about the developmental biology of the individual tissue defects, the nature of the pleiotropism and the molecular mechanism of W gene action remain obscure (1) (2) (3) (2-6, 10, 11) . This approach has identified several cDNA clones in the W region, one of which maps very near to W in the W19H deletion.
MATERIALS AND METHODS
Analysis of Genomic DNA. The methods involved in preparing high molecular weight DNA, restriction endonuclease digestion, electrophoresis, Southern transfer, hybridization, and washing of genomic DNA filters have been described (12 and the a-casein gene in 50 potential recombinants suggests that the distance between the distal breakpoint and the a-casein gene is on the order of 1 cM. normal homologue. Therefore, these data confirm that DSSC25 maps within the WI9H deletion and demonstrate the usefulness of these cell lines for mapping nonpolymorphic loci with respect to the WI9H deletion.
Mapping alleles at the D5SC25 locus (Fig. 4) . Therefore, the DSSC25 locus has been cotransferred with selected mutations at Wfor 90 backcross generations. The mean length(s) of the donor chromosomal segment that accompanies a selected locus during the generation of congenic strains has been estimated by Johnson (22) Furthermore, the B6.C3H-rs line, produced by =30 generations of backcrossing, retained the donor allele at D5SC25 (Fig. 4) . DSSC25 has also cosegregated with Rw for three backcross generations involved in the generation of a novel congenic line carrying this mutation (data not shown). These observations further validate our assertion that W and DSSC25 are very close.
DISCUSSION
We have identified cloned cDNAs that are closely linked to the white-spotting gene complex on mouse chromosome 5, established the map positions of these loci with respect to known markers, and confirmed that WJ9H is a deletion. One of the new markers, pSC25, an anonymous mouse brain cDNA, maps within 1 cM of W and within the WI9H deletion. The a-casein gene maps just distal to the W19H deletion. These clones should be extremely useful for investigating the relationship among the several tightly linked developmental loci in this region, as well as the molecular basis of their control of embryonic development and differentiation.
Due to its close proximity to the map position of the W locus, it is possible that the pSC25 cDNA represents the transcript of one of the white-spotting genes such as W, Ph, or rs. All three are distinct with respect to their phenotypic effects but have been shown to be tightly linked by recombination analyses. The rs locus maps within 1 cM of W with no recombination events so far observed (10, 11 (4) , a recessive embryonic lethal mutation (23) . The original complementation data indicated that this deletion encompasses between 2 and 7 cM distal to Rw (4) . The data presented in the current paper allow us to further define the extent of the WJ9H deletion. DSSC25 maps within the W`9H deletion, and the distal deletion breakpoint maps between D5SC25 and the a-casein gene, a distance of =5 cM. Since the published genetic map indicates that W is 9 cM proximal to Afp (20) and we have shown that the a-casein gene maps 6 cM proximal to Afp and distal to the W19H deletion, the maximum size of the deletion is -3 cM. Since DSSC25 maps 5 cM proximal to a-casein, DSSC25 should map very near the proximal deletion breakpoint. As this breakpoint separates Rw from the closely linked markers W and Ph, D5SC25 should be near all three spotting loci. Cloned genomic sequences from the W region could be used to identify additional expressed sequences that map (i) within the W"9H deletion and (ii) within the region of the donor chromosome retained by the W-congenic lines. Candidate W sequences could be identified by their differential expression in developing neural crest, germ cells, and hematopoietic tissues or from transcripts of altered size or concentration in the tissues of W mutants. Ultimately, the verification of a W-locus clone will rely on its ability to ameliorate one or more of the W-locus tissue defects when introduced into developing W-mutant embryos.
